The mean concentrations and daily intakes of BHA, BHT, propylene glycol, and sodium saccharin were estimated based on an analysis of 28,428 samples of food (2,856 samples for BHA, 2,835 for BHT, 2,832 for propylene glycol, and 19,905for sodium saccharin) obtained in official inspections by Japanese local governments in fiscal year 1996. The mean concentration of BHA was 3.9% of the allowable limit, and those of BHT, propylene glycol, and sodium saccharin were 0.7%, 16.8%, and 5.7%, respectively.
Introduction
The estimated daily intake of 16 food additives based on the results of official inspection in Japan in fiscal year 1994 was previously reported1)-5).
The same surveillance study on the same 16 food additives based on official inspections in fiscal year 1996 was repeated, and the estimated daily intake of five preservatives, four antifungal agents, and three inorganic food additives in fiscal year 1996 were reported6)-8). In the present study, we estimated the mean concentrations of BHA, BHT, propylene glycol, and sodium saccharin in foods, and estimated the daily intakes of these food additives per person from the mean concentrations in foods and amounts of food consumed.
Methods
The methods used were the same as those previously described1),2),5) but this time the results of official inspections performed in fiscal year 1996 were used.
1. Investigation methods and items studied a) Questionnaire A questionnaire concerning the results of official inspections for food additives from April 1, 1996 to March 31, 1997 (Japanese fiscal year 1996) was sent by the Division of Food Chemistry, Ministry of Health and Welfare of Japan9) to all 108 local governments which are obliged to establish public health centers by the Regional Public Health Law. b) Items queried The following four food additives were investigated in this study: BHA, BHT, propylene glycol, and sodium saccharin.
Both saccharin and sodium saccharin are permitted as food additives in Japan. The amount of saccharin was expressed as sodium saccharin. The names of both imported and domestic foods, the numbers of food samples inspected, the numbers of samples in which these food additives were detected, the maxi- 
Analyses of reports from local governments
Data sent back from the local governments were classified according to the categories of foods in the Japanese Standards for Use of Food Additives11). Foods in which these food additives are not allowed to be used were categorized according to the Guide for Categorization of Food12). Concentrations of these food additives, as described in previous papers1),2),4) were regarded as 0 mg/kg when they were below the detection limit.
Calculations and estimation of daily intake
The daily intakes of BHA, BHT, propylene glycol, and sodium saccharin per person were estimated based on the mean concentrations of these additives in all foods (including nonpermissible foods) obtained in the present study, and the daily food consumption levels reported by the Investigation Group of the Daily Intake of Food Additives in Japan (Japanese group)13) and the Ministry of Health and Welfare14). When the consumption level of a food was unknown, 0.1 g was assumed to be the daily consumption per person, as described in the Food Chemistry Division Report Series15) published by the Ministry of Health and Welfare and in previous papers1),2),5) Results
Questionnaire return and number of samples
One hundred local governments out of the 108 (92.6%, i.e., 43 prefectures, 34 cities, and 23 wards), representing most of Japan, replied to the questionnaire. BRA, BHT, propylene glycol, and sodium saccharin were inspected by 94 local governments (94.0% of the 100 local governments which replied). Inspection was performed for BHA by 76 local governments, for BHT by 76 local governments, for propylene glycol by 83 local governments, and for sodium saccharin by 88 local governments.
The total number of food samples inspected for these four food additives was 28,428, of which 3,646 (12.8% of total samples) were imported (Table 1 ). The total sample number in 1996 was 1.03 times bigger than that in 19945). The results obtained in the present study were therefore considered to reflect well the actual situation of the use of these food additives, since inspection results were received from most of the local governments throughout in Japan, and large numbers of samples were tested.
Concentrations of four food additives
BHA, BHT, propylene glycol, and sodium saccharin were detected in 2,891(10.2%) of a total of 28,428 food samples. Concentrations of each food additive are shown in Tables 2 to 5. a) BHA BHA was detected in 208 (7.3%) out of 2,856 samples tested ( Table 2 ). The detection rate in the tested samples in which BHA is allowed to be used was 13.7%, and the mean concentration of BHA (average of 6 categories of foods) was 3.9% of the limit allowed by the Japanese Food Sanitation Law11. BHA was detected in fat and oil, and dried marine products among six categories of foods in which it is permitted to be used. No frozen whale product was inspected in fiscal year 1996. The detection rate in dried marine products was 15.8% (198 out of 1,253 samples), the mean concentration in all tested samples was 0.00917 g/kg, and the concentration was 4.6% of the allowable limit (0.20 g/kg). The detection rate in fat and oil was 1.3% (2 out of 149 samples), the mean concentration in all tested samples was 0.00034 g/kg and the concentration was 0.2% of the allowable limit (0.20 g/kg). Margarine is categorized as fat and oil, but no BHA was detected in 23 samples. BHA in confectionery and processed marine products, which are nonpermissible foods, may be carried over from fats and oils as an ingredient.
No BHA was detected in nonpermissible foods such as frozen food (106 samples), cheese (88), seasonings (82), precooked foods "sozai" (74), meat products (67), processed vegetables (63), dried fruits (35), or fish paste products (30).
b) BHT The standard for the use of BHT is almost the same as that of BHA, except that BHT is also allowed to be used in chewing gum. BHT was detected in 69 (2.4%) out of 2,835 samples tested, and the mean concentration was 0.7% of the allowable limit (Table 3) . BHT was detected in fat and oil, dried marine products, and chewing gum; the detection rates and mean concentrations in the tested samples of these allowable foods were 2.5%, 1.3%, and 66.0%, and 0.0020,0.0005, and 0.0799 g/kg, respectively.
These concentrations were 1.0%, 0.3%, and 10.7% of the limit. The mean concentration of BHT in confectionery was higher than those in fat and oil. No BHT was detected in nonpermissible foods such as processed marine products (122 samples), frozen food (114), seasonings (92), cheese (82), or meat products (76). c) Propylene glycol Propylene glycol is allowed in all commercial foods. It was detected in 869 (30.7%) out of 2,832 samples tested ( Table 4 ). The mean concentration of propylene glycol was 16.8% of the allowable limit. The highest detection rate (35.4%) was observed in raw noodles (716 out of 2,020 samples), but the concentration was only 18.7% of the allowable limit (20 g/kg).
The highest concentration ratio to the allowable limit was observed in the crust of Chinese pastry (19.7% of the limit, 12 g/ kg). These trends were equivalent to those seen in the previous investigation5) based on the official inspection in fiscal year 1994. In "other foods", propylene glycol was detected in boiled noodles (28 out of 248 samples; 11.3%), and its mean concentration in all tested samples was 0.31g/kg, corresponding to 5.2% of the allowable limit (6.0g/kg).
No propylene glycol was detected in smoked cuttlefish (46 samples), chewing gum (2), or other foods such as dried marine products (38), frozen foods (14) , confectionery (7), or fish paste products (5). Some local governments detected propylene glycol in 4 out of 47 samples, but they categorized those foods as "other foods". d) Sodium saccharin Sodium saccharin was detected in 1,745 (8.8%) out of 19,905 samples tested ( Table 5 ). The detection rate in the tested samples in which sodium saccharin (including saccharin) is allowed to be used was 11.3%, and the mean concentration of sodium saccharin was 5.7% of the allowable limit. The highest detection rate (57.6%) was observed in salted dried radish, the mean concentration in all tested samples was 0.276 g/kg, and the concentration was 13.8% of the allowable limit (2.0 g/ kg). The highest concentration ratio (31.9%) to the allowable limit (0.30 g/kg) was observed in syrup (0.096 g/kg), but the detection rate was 31.6%. Sodium saccharin was not detected in some permitted foods such as ice cream (175 samples), fermented milk (93), and lactic acid bacterial beverages (67), or in 12 samples of chewing gum in which saccharin is also permitted. Sodium saccharin was detected in 7 out of 4,555 samples of nonpermissible foods such as two samples of condensed or diluted seasoned soy sauce "tare" or "tsuyu". No sodium saccharin was detected in the following nonpermissible foods: seasonings (241 samples), foods soaked in syrup (97), wine (66), alcoholic beverages (60), or juice (59).
3. Estimation of the daily intake of BHA, BHT, propylene glycol, and sodium saccharin per person
The daily intakes of these four food additives were estimated based on both the concentrations of food additives obtained in the present study and the daily consumption rate of foods as estimated by the Japanese group13) and the Ministry of Health and Welfare14). The estimated daily intakes of these four food additives based on the official inspection in fiscal year 1996 are summarized in Table 6 together with those reported in the previous paper based on the official inspection in fiscal year 19945), reported in other references16)-19), and the ADIs20). The estimated daily intakes of these food additives per person were: BHA, 0.105 mg; BHT, 0.220 mg; propylene glycol, 41.4 mg, and sodium saccharin 7.64 mg. These daily intakes are 0.4%,1.5%, 3.3%, and 3.1%, respectively, of the ADIs when body weight is taken to be 50 kg. The present results on the daily intake of these four food additives were similar to the results in fiscal year 1994 and in references16)- 19) , except that the daily intakes of BHA were estimated from the production amount16)0.009 mg per person) and by a market-basket method17) (0.002 mg per person) by Japanese groups. Foods that contributed most to the daily intake of these four food additives were: dried marine products which accounted for 75.9% of the daily intake f BHA, confectionery which accounted for 57.0% of BHT, raw noodles which accounted for 70.3% of propylene glycol, and non-alcoholic beverages which accounted for 33.0% of all sodium saccharin.
Discussion
The mean concentrations of BHA, BHT, propylene glycol, and sodium saccharin in foods and their estimated daily intake based on official inspections by local governments in Japan in fiscal year 1994 have been reported earlier5). The same investigation was repeated using the results of official inspections in fiscal year 1996. The total sample number (28, 428) of inspections was equivalent that in fiscal year 1994. The mean concentrations of these four food additives in foods were 3.9%, 0.7%, 16.8%, and 5.7% of the allowable limits, respectively, and the estimated daily intakes per person were 0.105, 0.220, 41.4, and 7.64 mg, corresponding to 0.4%, 1.5%, 3.3%, and 3.1% of the ADIs, respectively. These results were similar to those obtained in the previous report5). The estimated daily intakes of these four food additives reported in the present paper include both over-and underestimation factors as discussed in the previous papersl1),2),5) The biggest underestimation factor may be that the concentration in nondetectable food samples was calculated as 0 mg/kg, and the biggest overestimation factor may be that food samples in violation were included in the estimation of the intake.
In the series of studies on the "Concentration of Food Additives and the Daily Intake in Japan", a second estimation of daily intake of the following 16 kinds of food additives was completed by the same method used in the first study in the present paper: five preservatives, benzoic acid, dehydroacetic acid, p-hydroxybenzoic acid, propionic acid, and sorbic acid; four antifungal agents, Biphenyl, imazalil, o-phenylphenol, and thiabendazole; three inorganic food additives, nitrite, nitrate, and sulfur dioxide; and four other food additives, BHA, BHT, propylene glycol and sodium saccharin. The total sample number for the 16 food additives in the second trial was 162,497, which was 1.26 times greater than that of the first trial. No significant differences between the results in fiscal year 1994 and fiscal year 1996 were observed, except that the daily intake of diphenyl7) in fiscal year 1996 was 1/50 of that in fiscal year 1994. Accumulation of results obtained by the same method and comparison with those obtained by the different methods, are required to estimate more accurately the daily intake of food additives.
